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@ An electroluminescent monochrome display is 
operated to provide a detailed grey scale image. The 
display utilizes pulse width modulation to selectively 
control the grey scale intensity of the pixels (3) of 
the display. The grey scale data may be provided in 
two or more successive frames which each contain a 
portion of the grey scale data for the pixels of the 
display. 



cl 1 



I J 



i r 



COUNTER 

~7J 



n 



<U . 59 



r COMPARE 



COLUMN DRIVERS 





To— ' 




7c s 


7d^" 




TOW 
Oft 1 VERS 




3a 

-H 


3b 


3c 


3d 
























3k 




K- 




— ^ 


















J L 


— 



• 5b 
- Sc 



Q. 
LU 



Rank Xerox (UK) Business Services 



EP 0 457 440 A2 



TECHNICAL FIELD 

The invention concerns a drive apparatus for a 
matrix-addressed display, such as an elec- 
troluminescent display. More particularly, the inven- 
tion concerns a drive apparatus which operates the 
matrix-addressed pixels of the display at selected 
levels of illumination so that the display provides a 
relatively detailed grey scale image. 

BACKGROUND OF THE INVENTION 

Matrix-addressed displays such as elec- 
troluminescent displays have been operated with 
drive apparatus which selectively turns individual 
pixels of the display on or off and thereby provides 
a desired light image. The detail of such images is 
rather limited. 

It is known that a relatively detailed monoch- 
rome image may be produced by selectively en- 
ergizing pixels of the display at different levels of 
intensity. Such a display provides an image having 
many selected intensities or tones and therefore a 
greater level of detail. 

A significant increase in pixel data is required 
in order to achieve a relatively detailed grey scale 
image. This requirement for substantially increased 
pixel data is particularly burdensome for relatively 
large displays. 

Accordingly, it is an object of the invention to 
provide a drive apparatus which can produce a 
relatively detailed grey scale displayed image. 

It is a further object of the invention to provide 
such a drive apparatus wherein the grey scale 
intensities of pixels of the display are provided by 
pulse width modulation of drive signals for the 
display. 

Another object of the invention is to provide a 
display drive apparatus which can provide detailed 
grey scale images for relatively large elec- 
troluminescent display panels. 

SUMMARY OF THE INVENTION 

In order to achieve the objects of the invention 
and to overcome the problems of the prior art, the 
display apparatus of the invention selectively illumi- 
nates pixels with grey scale intensity levels defined 
by digital data words. Each digital data word cor- 
responds to a particular defined driving pulse width 
for a column of the display. The pulse width for the 
column drive signal defines the level of intensity of 
light which is generated at the pixel of the column 
and an associated scanned row. 

In a relatively large display, the intensity of any 
particular pixel is defined over two or more con- 
secutive display frames of data. The two consecu- 
tive frames define fifteen or any desired number of 



time slots for additive pulse width modulation of the 
column driving signal of the pixel. The use of such 
additive pulse width modulation ensures that a rela- 
tively detailed grey scale image can be provided at 
a reduced frequency of operation for the driving 
apparatus of the display, while maintaining a rea- 
sonably high refresh rate for the display. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 illustrates a diagrammatic illustration of 
a pulse width modulated grey scale display. 

FIG. 2 illustrates a table of grey scale pulse 
width modulation data for the display of FIG. 1 . 
i5 FIG. 3 illustrates a timing diagram of row and 

column signals for operating the grey scale display 
of FIG. 1 . 

FIG. 4 shows a diagrammatic illustration of a 
relatively large grey scale display which is made 
20 up of 640 columns and 480 rows. 

FIG. 5 illustrates a timing diagram of grey scale 
pulse width modulation signals for successive data 
frames of the display of FIG. 4. 

FIG. 6 illustrates a chart of grey scale pulse 
25 width modulation data for the successive data 
frames of the display of FIGs. 4 and 5. 

FIG. 7 illustrates a diagram of a logic circuit 
which provides the grey scale frame data for the 
display system of FIGS. 4-6. 
30 FIG. 8 shows a diagrammatic illustration of a 

single grey scale chip and column driver for the 
display of FIG. 4. 

DETAILED DESCRIPTION OF PREFERRED EM- 
35 BODIMENTS 

The remaining portion of the specification will 
describe preferred embodiments of the invention 
when read in conjunction with the attached draw- 
40 ings. in which like reference characters designate 
identical apparatus. 

FIG. 1 is a diagrammatic illustration of a matrix- 
addressed display which utilizes pulse width modu- 
lation to provide a relatively detailed grey scale 
45 image. The display apparatus of FIG. 1 includes an 
electroluminescent display panel 1 which has a 
matrix of electroluminescent monochrome pixels 
3a-3p. For simplicity of illustration the pixels are 
arranged in four parallel rows 5a-5d and four asso- 
so ciated intersecting parallel columns 7a-7d. The 
electroluminescent pixels 3a-3p are disposed be- 
tween the row electrodes 5a-5d and column elec- 
trodes 7a-7d. The display panel of FIG. 1 will 
hereinafter be described with respect to a DC op- 
55 eration. However, it should be understood that the 
panel could also be operated in accordance with 
known AC drive technology. 

In the display apparatus of FIG. 1, a grey scale 
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image is formed by illuminating the pixels 3a-3p at 
selected intensity levels. FIG. 2 illustrates a table of 
16 digitally defined intensity levels for the display. 
As shown in FIG. 2, the light intensity level of any 
particular pixel of a display can range from a 
relatively dark or off state 0 to the highest light 
intensity of state 15. Thus, the light intensity of any 
pixel of the panel 1 can be defined by a grey scale 
state of from 0 to 15 which indicates the relative 
intensity of light generated at the pixel. 

As shown by the table of FIG. 2, the darkest 
grey scale state of 0 corresponds to a grey scale 
binary data word of 0000. The following grey scale 
state of 1 has an incrementally increased light 
intensity which corresponds to the grey scale bi- 
nary data word 0001. Likewise, the next grey scale 
state of 2 corresponds to a grey scale data word of 
0010. The numerically increasing states have cor- 
responding binary data words which increase to the 
greatest binary data word 1111. 

FIG. 3 illustrates a timing diagram of row and 
column drive signals which could be applied to 
provide incrementally increasing pixel intensities 
for the illustrated pixels 3a-3p. As shown in FIGS. 1 
and 3, a row driver 9 generates a negative scan- 
ning voltage (-HV) signal indicated at 11 on the 
Row 1 electrode 5a. As shown at FIG. 3, the 
Column 1 electrode 7a has a zero voltage signal 
which is applied continuously during the entire pe- 
riod of the low voltage row scanning signal 1 1 . The 
zero signal on Column 1 results in a combined 
Row 1, Column 1 signal applied at the pixel 3a 
which is insufficient to light the pixel. Accordingly, 
the pixel 3a remains off and is therefore operated 
at the 0 grey scale state of FIG. 2. 

As shown in FIG. 3, during the time at which a 
. low voltage scanning signal is applied to the Row 1 
electrode 5a, the Column 2 electrode 7b receives a 
positive pulse 13 ( + HV) from a column driver 15. 
The positive column drive pulse 13 of the Column 
2 electrode 7b has a pulse width that is 1/15 of the 
width of the Row 1 drive pulse 11. Also, the posi- 
tive column pulse 13 occurs at the beginning of the 
Row 1 drive pulse 11. The Row 1 pulse 11 and 
Column 2 pulse 13 combine at the pixel 3b to 
provide the second lowest level of illumination of 
the pixel, which is designated as grey scale state 1 
of the chart of FIG. 2. 

With reference to the timing diagram of FIG. 3, 
the third column electrode 7c receives a positive 
drive pulse which is twice as wide as the pulse 13. 
Thus, the drive pulse for the column electrode 7c 
is 2/15 of the pulse width of the Row 1 drive signal 
11. The column 3 drive pulse therefore corre- 
sponds to two of the 15 time slots which occur 
within the period of the Row 1 drive signal 11. The 
drive pulse therefore has a grey scale state of 2. 
Likewise, it should be understood that the pulse 13 



of Column 2 corresponds to one time slot and for 
this reason the pixel 3a has a reduced intensity 
with respect to the pixel 3b. 

As shown in FIG. 3, the fourth column elec- 
5 trode 7d has a positive pulse which extends over 3 
time slots of the Row 1 signal 1 1 . The signal at the 
fourth column electrode 7d combines with the Row 

1 signal 11 of the row electrode 5a to provide a 
light intensity at the pixel 3d which corresponds to 

to the grey scale state 3 of the table of FIG. 2. 

In energizing the panel 1 of FIG. 1, the row 
electrodes 5a-5d are successively energized with 
the associated row signals 11, 17, 19 and 21 and 
the row signals thus provided are combined with 

75 associated column signals to light associated pix- 
els. Thus, after the Row 1 electrode 5a is scanned 
with the signal 11, the signal 17 is applied to scan 
the next succeeding Row 2 electrode 5b. As shown 
in the timing diagram of FIG. 3, the column etec- 

20 trodes 7a, 7b, 7c and 7d receive associated posi- 
tive pulses 23, 25, 27, and 29, which have respec- 
tive incrementally increasing pulse widths of 4, 5, 6 
and 7 time slots. The indicated signals for the Row 

2 electrode 5b and column electrodes 7a-7d pro- 
25 vide associated pixels 3e, 3f, 3g, and 3h with 

increasing light intensities associated with grey 
scale states 4, 5, 6 and 7 of the chart of FIG. 2. 

Likewise, as shown in FIG. 3, the next succes- 
sive Row 3 electrode 5c receives its row signal 19 

30 in association with corresponding column signals 
31, 33, 35 and 37 which have respective time slot 
pulse widths of 8, 9, 10, and 11. These row and 
column signals provide incrementally increasing in- 
tensities for pixels 3i, 3j, 3k, and 31. which respec- 

35 tively correspond to the grey scale states .8, 9, 10 
and 1 1 of FIG. 2. 

Finally, as shown in FIG. 3, the 4th row elec- 
trode receives its associated row scanning signal 
21 and the column electrodes 7a, 7b, 7c and 7d 

40 receive positive column drive pulses 39, 41, 43, 
and 45 which have respective pulse widths cor- 
responding to 12, 13, 14 and 15 time slots. The 
indicated row and associated column signals pro- 
' vide incrementally increasing intensities for pixels 

45 3m, 3n, 3o, and 3p, which respectively correspond 
to grey scale states 12, 13, 14, and 15. 

It should now be understood that the timing 
signals of FIG. 3 provide the full range of grey 
scale levels in an incrementally increasing fashion 

so for the pixels 3a-3p. The timing signals of FIG. 3 
define a single frame of data which controls all 
pixels of the panel of FIG. 1. The term "frame" 
shall therefore hereinafter be used to refer to the 
data which is required to operate all of the pixels of 

55 a display panel to provide a desired image. 

FIG. 1 includes a diagrammatic illustration of 
apparatus which is used to receive digital data from 
a central processing unit 47 and apply the data to 
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define successive frames of display information for 
the display panel 1. In operation, the CPU 47 
utilizes four bit words to define the level of intensity 
for each pixel of the display. The four-bit words of 
the CPU are applied to a multiplexer 49 which 
alternately loads on A register 51 and B register 53 
in accordance with the state of an A/B select line 
55. 

Each of the registers A and B has sufficient 
capacity to store the column data for an entire row 
of the display panel 1. The registers are utilized to 
store successive rows of data so that one register 
can be filled with new row data while the row data 
of the other register is being displayed by the 
panel 1. The registers therefore operate as buffers 
to alternately store and display rows of data. 

When one of the registers 51 or 53 is selected 
to display a row of data, the data of the register is 
selected by multiplexers 57 which pass the se- 
lected four-bit column data words to associated 
comparators 59. When an entire row of data is 
applied to the comparators 59, a time slot counter 
61 counts from a zero time slot count state to a 14 
time slot count state. As the counter 61 is incre- 
mented from zero to 14, its count state is com- 
pared by the comparators 59 with the four-bit col- 
umn data words which are applied from the mul- 
tiplexers 57. Each of the comparators 59 will gen- 
erate an output which will activate associated col- 
umn drivers 15 and energize associated column 
electrodes 7a-7d for as long as the count state of 
the incrementing counter 61 is less than the asso- 
ciated column data word. 

Thus, for example, if a binary data word of 
1111 is defined for a particular column, the column 
driver for that column will be energized over the 
entire counting cycle of from 0 to 14 of the counter 
61. However, if, for example, a binary 5 (i.e., 0101) 
is applied as a column word, the associated col- 
umn electrode will be energized by its column 
driver 15 only during count states 0, 1. 2. 3 and 4 
of the counter 61. Thus, the column will be en- 
ergized for five time slots and, as explained with 
respect to FIG. 3, the five time slot column signal 
will be combined with an associated row scan 
signal to provide a relative pixel intensity which 
corresponds to the gray scale state 5 of the table 
of FIG. 2. 

When the counter 61 has incremented from 
zero to 14. it is reset to zero and the next succes- 
sive row of new column data is applied to the 
comparators 59. The counter then counts again 
from 0 to 14 and the column drivers 15 are op- 
erated in the previously described manner to en- 
ergize the pixels of the next succeeding scanned 
row of data to provide pixels having selected levels 
of grey scale intensity. 

It should now be understood that the counter 



61 operates in association with the comparators 59 
to energize the column drivers 15 for time slot 
periods defined by the four-bit column data words 
of the CPU 47. The counter, comparators and 
5 column drivers therefore provide selected inten- 
sities for the pixels of an entire frame of data from 
the CPU. The data from the CPU is displayed in 
the described manner at a frequency of, for exam- 
ple 160 hertz. 

10 FIG. 4 shows a diagrammatic illustration of a 

relatively large electroluminescent matrix ad- 
dressed display 63 which incorporates 640 col- 
umns and 480 rows. This rather large grey scale 
display operates in a manner which is similar to the 

75 relatively small display described with respect to 
FIGS. 1-3. 

As shown in FIG. 4, the display 63 includes ten 
column driver chips 65a-j which provide the time 
slot column signals which correspond to the se- 
20 iected grey scale intensities of pixels of the dis- 
play. The column driver chips are commercially 
available from the Supertex Corporation and are 
commercially identified as HV77 column drivers. As 
shown in FIG. 4, five of the column drivers are 
25 arranged adjacent to the top of the display and the 
remaining five of the column drivers are arranged 
adjacent to the bottom of the display. 

Each of the column drivers energizes 64 col- 
umns. The column drivers 65a-e energize the odd 
30 columns of the display which are designated Q1- 
Q639. The column drivers 65f-j energize the even 
columns Q2-G640. The column electrodes asso- 
ciated with the top column drivers are interleaved 
with the column electrodes associated with the 
35 bottom column drivers. 

Row drivers 67a and 67b are provided at op- 
posite ends of the display to respectively drive odd 
and even rows of the display which are interleaved 
in the manner described with respect to the column 
40 drivers. 

Grey scale chips 69a-j are arranged adjacent to 
the top and bottom of the display and are intercon- 
nected to one another and to their associated col- 
umn drivers. The grey scale chips receive four-bit 
45 column data words from the CPU 47 and apply the 
bits to operate the column drivers and therefore 
provide selected grey scale illumination of the pix- 
els of the display. Each of the grey scale chips 
includes A and B registers which each store 64 
so words of data, each word defining 16 grey scale 
levels. The A and B registers are alternately se- 
lected in the manner described with respect to the 
system of FIG. 1 in order to buffer the display data 
provided from the CPU 47. 
55 It was found that the relatively simple system 

described with respect to FIGS. 1-3 could not be 
employed in its entirety to energize the relatively 
large display of FIG. 4. Thus, it was found that the 
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drive hardware could not operate at a sufficiently 
high frequency to provide the relatively large 
amount of data required to define a sixteen level 
grey scale frame delivered at 1 60 hertz. 

In order to provide a satisfactory relatively low- 
er operating frequency for the hardware, it was 
necessary to define sixteen grey scale levels over 
two successive frames for the display of FIG. 4. 
FIG. 5 illustrates the sixteen required grey scale 
states in association with column time slot drive 
signals for the two successive frames zero and one 
which are required for operation of the display of 
FIG. 4. 

With reference to FIG. 5, it can be seen that 
the grey scale state 0 corresponds to a low column 
drive signal for the two successive frames one and 
zero. The next grey scale state 1 is defined as 
single positive column time slot signals 71 and 73 
for frame zero and one. It was found that use of a 
single time slot for each frame eliminates a slight 
flicker which would otherwise be perceived if only 
one of the two frames had active time slots. Thus, 
it should be understood that it is preferred to define 
grey scale states by using active time slots divided 
between frames zero and one. 

The next successive grey scale state 2 is de- 
fined by the combination of a one time slot positive 
pulse in frame zero and a two time slot positive 
pulse in frame one. The grey scale intensity state 3 
is defined as two time slot positive pulses in both 
frame zero and frame one. The succeeding re- 
quired time slot signals for the frames are shown in 
the chart for the remaining grey scale states. It 
should be understood that the highest intensity 
grey scale state 15 is provided when an eight time 
slot signal is used for both frames zero and one. 

FIG. 6 illustrates a chart of the grey scale 
states 0-15 in association with a binary CPU grey 
scale data word which would be provided by the 
CPU 47 and associated frame zero and frame one 
data words which are defined to provide the col- 
umn driver signals of FIG. 5. 

FIG. 7 illustrates a diagram of a data converter 
logic circuit 95 which is used to generate the 
desired frame zero and frame one output data F0- 
F3 of FIG. 6 in response to CPU input data D0-D3 
and a frame select signal FRM which is a 0 to 
designate frame zero and a 1 to designate frame 
one. Thus, the logic circuit of FIG. 7 utilizes 
exclusive-OR gates 75, OR gates 77 and AND 
gates 79 to generate the frame zero data words 
indicated in FIG. 6 in response to the indicated 
CPU data, when the frame bit FRM is 0. Likewise, 
when the FRM bit is 1, the circuit of FIG. 7 gen- 
erates the frame one data from the input CPU data. 
It should be understood in analyzing the circuit of 
FIG. 7 that, as is known in the art. OR gates 
generate a high level output if at least one input is 



high, AND gates generate a high level output if all 
inputs are high and Exclusive-OR gates generate a 
high logic output only if one input is high and the 
other input is low. 

5 FIG. 8 shows a diagrammatic illustration of one 

of the grey scale chips 69a-j of FIG. 4. As shown in 
FIG. 8, input multiplexers 81 receive the frame data 
F0-F3 from the data converter logic circuit of FIG. 
7. This frame data is applied to write the data to A 

/o registers 83 or B registers 85 in accordance with 
the condition of the A/B select line. As explained 
previously, the A and B registers are used to buffer 
input data so that new incoming data may be 
stored while previously stored data is being dis- 

is played. Each of the registers 83 and 85 has suffi- 
cient capacity to store up to 64 data words of four 
bits. 

Secondary multiplexers 87 select either the 
data stored in the A register or in the B register 

20 and apply the selected data to comparators 89. 
The comparators 89 compare the data from the 
multiplexers 87 with the count state of a counter 91 
and drive associated column electrodes Q1-Q64 of 
the column driver until the input data of the com- 

25 parator is equal to the count state of the counter 
91. 

It should be understood that when registers 83 
or 85 are selected to read out data, the data is 
applied in a serial fashion to the secondary mul- 

30 tiplexers 87 and each of the multiplexers 87 there- 
fore serially applies sixteen data words to its asso- 
ciated comparator 89. The sixteen data words of 
each register are applied through the multiplexer 
87 to the comparator 89 and are compared with a 

35 single defined count state of the counter 91. The 
sixteen data words of each register are fed back to 
an associated multiplexer 81 and are then recir- 
culated through the register so that the sixteen data 
words are rewritten into the register after they have 

ao been read and applied to the comparator 89. 

After sixteen data words have been read from 
each selected register and compared to a single 
count state of the counter 91 , the counter is incre- 
mented to its next count state and that count state 

45 is compared to the same sixteen data words of the 
selected registers. 

The counter 91 is incremented in the above- 
described fashion from 0 to 7 in order to define all 
of the time slots for a particular row of data. There- 

50 after, the counter is reset to 0 and is counted again 
up to 7 in order to generate the time slot column 
driver signals for the next successive row of data. 

It should now be understood that 640 words of 
four-bit column data are read into the selected 

55 registers 83 or 85 of the entire grey scale system 
in order to set up the column words for an entire 
row of the display of FIG. 4. Thereafter the data is 
read serially in eight cycles of the registers and is 
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compared to eight successive incremental count 
states of the counter 91. 

When the column data of a row has been 
completely displayed, a new set of column data is 
selected for display in association with the next 
successive scanned row. Column data is thus de- 
fined for each successive row until the entire frame 
of data has been displayed. Thereafter, with refer- 
ence to FIG. 4. a flip flop 93 is toggled to select 
the next successive frame (frame one or frame 
zero) and data is again supplied from the CPU 47, 
converted by the data converter circuit 95 and 
applied to the grey scale chips 69a-j to control the 
column drivers 65a-j and thereby provide the grey 
scale display for the next frame. 

Although a drive apparatus has been disclosed 
with respect to an electroluminescent display, it 
should be understood that the described principles 
of the disclosed apparatus could be employed to 
provide a grey scale display with other types of 
displays, for example plasma displays. Moreover, 
the invention is not limited to display systems" 
which define sixteen grey scale levels. A greater or 
lesser number of grey scale levels could be pro- 
vided within the scope of the invention. 

Claims 

1. A grey scale display characterised in that it 
comprises a matrix of display pixels (3). each 
pixel (3) having means for illuminating at an 
intensity which varies in accordance with the 
pulse width of a driving energization pulse, and 
means (49) for generating and selectively 
pulse width modulating said driving energiza- 
tion pulses to produce a grey scale image 
formed by said pixels illuminated at selected 
varying intensities. 

2. A display as claimed in claim 1 . characterised 
in that said means for generating and selec- 
tively pulse width modulating includes means 
(59.61) for defining a time slot count value for 
each pixel proportional to the desired intensity 
of illumination of the pixel, and means (15,59) 
for generating a driving energization pulse for 
each pixel with a pulse width which corre- 
sponds to said time slot count value. 

3. A display as claimed in claim 2, characterised 
in that said means for generating includes a 
counter for counting time slot periods from 
zero up to said count value and driver means 
(15.59) for generating said energization pulse 
during the count from zero to said count value. 



eludes means for generating separate pulse 
width modulated driving energization pulses for 
each pixel over at least two successive display 
frames of the display, the sum of the pulse 
widths of the pulses corresponding to the de- 
sired illumination intensity of the pixel. 

5. A grey scale display, comprising a matrix of 
display pixels (3). each pixel (3) having means 
for illuminating at an intensity which varies in 
accordance with the pulse width of a driving 
energization pulse; and means for generating 
and selectively pulse width modulating said 
driving energization pulses over at least two 
successive display frames of data to produce a 
grey scale image formed by said pixels illumi- 
nated at selected varying intensities. 
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4. A display as claimed in any one of the preced- 
ing claims, characterised in that it further in- 
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